EFFECT SYSTEM 



* BACKGROUND OF THE INVENTION 

[0001] Field of the invention 

[0002] Embodiments of the present invention relate effect systems that 
produce a delay in an audio signal. 
[0003] Related technology 

[0004] A delay is a type of audio effect. In the typical delay system, an 
input signal is written to memory, and then after a time delay is read out and 
output. This produces a delay effect in which the input signal is delayed for a 
defined period of time and then output. 

[0005] The type of delay used in real-time performance typically includes a 
feedback means that feeds the output signal back to the input, and an addition 
means that adds the fed-back signal to the input signal. This cycle of input, 
delay, output and feed back produces a repeating or looping effect. An example 
of such a system is provided in Japanese Unexamined Patent Application 
Publication (Kokai) Number Hei 6-149278. 

[0006] Because this system produces the repeating effect through the 
combination of a delay and a feedback loop, it is not possible to simply repeat a 
segment of the input signal without cumulative addition of subsequent signal. 

[0007] Consequently, if the performer wishes to repeat a passage during a 
real-time performance, it is necessary to sample that passage prior to the 
performance and set it up for output by some other type of device. Thus the 
performer cannot use such a repeating effect for a passage that is produced in 
real time. 

SUMMARY OF THE INVENTION 

[0008] Embodiments of the invention enable the performer to apply a 
repeating effect (also referred to as loop output) to a passage generated during a 
real time performance without using feedback and cumulative addition to 
generate the repeating effect. The performer is enabled to produce a repeating 
effect solely for a passage that is produced in real time during the performance. 
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[0009] In accordance with one embodiment of the invention, user input is 
used to define in advance the length of a segment to be repeated, and the 
V interval during which it is repeated. The length of the segment may be defined 

in units of musical time. The interval during which the segment is repeated may 
be defined in units of musical time or as a number of repetitions to be produced. 
The starting point of the segment may be defined in advance as a location in 
musical time. Alternatively, the performer may indicate the starting point 
manually during performance. The performer may also terminate the repetition of 
the segment manually. 

[0010] From the user input, the device in accordance with this embodiment 
of the invention stores a segment of an audio signal as it is being output, and 
then repeatedly outputs that segment in a looping fashion in accordance with 
the specified output interval. Thus a repeating or delay effect is achieved 
without cumulative addition of subsequent input to the repeated portion of the 
signal. 

DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 shows hardware components of an electronic musical 
instrument that includes an effect system in accordance with a preferred 
embodiment of the invention; 

[0012] Figure 2 shows the operating panel of an electronic musical 
instrument that includes the effect system of the preferred embodiment; 

[0013] Figure 3 shows the output signal waveform produced by the effect 
system of the first preferred embodiment; 

[0014] Figure 4a and Figure 4b provide a schematic illustration of segment 
storage and output; 

[0015] Figure 5 is a flowchart that shows main processing that is executed 
in accordance with the preferred embodiment; 

[0016] Figure 6 is a flowchart that shows processing that is launched by 
the timer interrupt of the time T3; and 

[0017] Figure 7 is a flowchart that shows processing that is launched by 
the timer interrupt of the times T1 and T2. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
V [0018] An explanation will be given below regarding a preferred 

embodiment of the present invention while referring to the attached drawings. 
Figure 1 is a block drawing that shows in outline the electrical configuration of 
an electronic musical instrument 1 00 that has the effect system of one preferred 
embodiment of the present invention installed. 

[0019] The electronic musical instrument 100 has installed in it primarily 
the CPU 1, the ROM 2, the RAM 3, the flash ROM 4, the analog to digital 
converter (A/D) 5 that converts the analog signal that is input from the pads 7 or 
VR (variable resistor) 8 into a digital signal, the switches 6, the display device 9, 
the DSP 10, the bus line 13, which interconnects each of these structures, the 
analog to digital converter (A/D) 1 1 that converts the analog signals that have 
been input from a microphone or an electronic musical instrument and the like 
into digital signals for processing by the DSP 10, and the digital to analog 
converter (D/A) 1 2 that converts the digital signal that has been input from the 
DSP 10 into an analog signal for emission as a musical tone through a speaker 
and the like. 

[0020] The CPU 1 is a central processing unit that controls the entire 
effect system and the various kinds of control programs that are executed by 
the CPU 1 . Fixed value tables and the like that are referenced at the time of this 
execution are stored in the ROM 2. The RAM 3 is a writable memory that can be 
accessed randomly and has a working area with the various kinds of register 
groups that are needed for the control programs which are executed by the CPU 
1 , a temporary area in which the data are stored temporarily during processing, 
and the like. Programs of the flowcharts that are shown in Figure 5 through 
Figure 7 are stored in the ROM 2 as a portion of the control programs. 

[0021] The flash ROM 4 is a writable non-volatile memory in which a 
plurality of waveform data and various kinds of parameters related to those 
waveform data as well as a plurality of patches (the timbre information that 
includes the assignment of the waveform data to the pads 7a through 7f) are 
stored. In the flash ROM 4, the waveform data (the musical tone data) for the 
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presets are stored and, together with this, waveform data that have been 
sampled by the performer are also stored. Incidentally, the flash ROM 4 may 
V comprise a removable memory card such as a Compact Flash (™) and the like. 

[0022] The switches 6 are an operator group with which the parameter 
settings and the mode settings are carried out. With the effect system of this 
preferred embodiment, the patch button 21, the edit button 22, the effects 
button 23, the manual button 24, the parameter buttons 26 and 27, the DEC 
button 28, the INC button 29, the exit button 30, the enter button 31, and the 
like are included as the relevant switches (refer to Figure 2). 

[0023J The pads (striking surfaces) 7 comprise the six pads 7a through 7f 
(refer to Figure 2). The striking sensors (for example, piezo elements), which are 
not shown in the drawing, are furnished on the rear surfaces of the pads 7 (pads 
7a through 7f). The vibrations that are produced due to the striking of a pad 7 
are captured by the striking sensor and output as an analog electrical signal (a 
trigger signal) to the A/D 5. The analog electrical signal that has been input to 
the A/D 5 is converted into a digital signal and that digital signal is detected in 
the CPU 1 . 

[0024] The VR 8 is a variable resistor such as the volume control 20 (refer 
to Figure 2) for adjusting the volume (the output level) or the pedal (not shown 
in the drawing) for regulating the volume (the output level). The analog electrical 
value that is output by means of the operation of the VR 8 is input to the A/D 5 
and converted into a digital value and that digital value is detected in the CPU 1 . 

[0025] The DSP 10 is a digital signal processor for processing the 
waveform data (the musical tone data) of the digital signal. The DSP 10 outputs 
the waveform data that have been sampled from a microphone or an electronic 
musical instrument and the like and have been digitized by the A/D 1 1 to the 
flash ROM 4 and, together with this, applies a specified effect to the digital 
waveform data that have been read out from the flash ROM 4 and outputs this 
to the D/A 12. 

[0026] Figure 2 is a front elevation drawing of the operating panel 1 5 of 
the electronic musical instrument 100 in which the effect system of the present 
invention is installed. As is shown in Figure 2, the volume control 20 is provided 
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as the VR 8 discussed above (refer to Figure 1), the various kinds of buttons 21 
through 24 and 26 through 31 are provided as the switches 6 discussed above 
v (refer to Figure 1), and the display 25 is provided as the display device 9 

discussed above. In addition, on the upper portion of the operating panel 15, as 
is shown in Figure 2, the pads 7 discussed above (refer to Figure 1) that 
comprise the six pads (striking surfaces) 7a through 7f are disposed. 

[0027] The volume control 20 is a knob for controlling the volume (the 
output level), and the patch button 21 and the edit button 22 are buttons for 
shifting to the patch mode and the edit mode, respectively. In addition, the 
effect button 23 is a button for applying an effect. 

[0028] The manual button 24 is a button to which the parameter Manual, 
which will be discussed later, is assigned and is configured such that the 
parameter Manual is toggled on and off with each pressing of the relevant 
manual button 24. 

[0029] The display 25 is for displaying the operating state of the electronic 
musical instrument 100 (various kinds of operating mode information, various 
kinds of parameter values and the like). For example, a screen is displayed that 
corresponds to each of the operating modes that have been selected by pressing 
the patch button 21 and the edit button 22. 

[0030] The parameter buttons 26 and 27 are switches for the selection, in 
each of the screens that are displayed on the display 25, of a page shift on the 
screen and a parameter from among the various kinds of parameters that are 
displayed on the display screen. Incidentally, each of the parameters will be 
discussed in detail later. The value of each parameter that has been selected by 
the parameter button 26 and 27 is decreased by "1" by pressing the DEC button 
28, or conversely, increased by "1 " by pressing the INC button 29, and output. 

[0031] The exit button 30 is a button for returning the display screen one 
level previous for each of the display screens that are displayed by the display 
25, and the enter button 31 is a button for confirming the value that has been 
input. 

[0032] Next, an explanation will be given regarding the essentials and each 
parameter, and the like of the effects related to the effect system of the present 
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invention while referring to Figure 3. Figure 3 is a schematic drawing in which 
the output signal waveform using an electronic musical instrument that has the 
v 3 effect system of the present invention installed is shown schematically on a time 

interval axis. 

[0033] As shown in Figure 3, the effect system is configured such that a 
segment 40a of the source signal 40 is repeated during a specified interval. In 
the example of Figure 3, the segment 40a is defined as the portion of the source 
signal 40 between time T1 and time T3, and is defined as repeating during the 
interval between time T1 and T2. 

[0034] In the preferred embodiment, the length of the segment (Loop 
Length) and the length of the interval in which it is repeated (Hold) are set by the 
performer in advance, while the time at which the segment begins (T1) may be 
set in advance or may be indicated manually in real time during performance. 

[0035] The parameter Loop Length, as is shown in Figure 3, defines the 
length of the segment 40a of the source signal 40 that is stored and repeated. 
In the preferred embodiment, the Loop Length is specified by the performer as a 
number in the range of "0 to 1 27." 

[0036] The parameter Hold, as is shown in Figure 3, defines the length of 
the interval (T1 to T2) during which the segment is repeated. In the preferred 
embodiment, the Hold parameter is designated in note lengths (for example, 
32nd notes, 1 6th notes, 8th note triplets, dotted 1 6th notes, eighth notes, 
quarter note triplets, dotted eighth notes, quarter notes, half note triplets, half 
notes, dotted half notes, and whole notes). Therefore, it is possible to make the 
length of the interval musically easy to understand. 

[0037] In manual mode, the start time of the segment is indicated by a 
start signal that is generated by the performer pressing a manual start button 24 
as described above. In automatic mode, the start time is set in advance using 
the parameter Timing and the segment is automatically stored and repeated in 
synchronization with tempo information obtained from the source signal. The 
parameter Timing is set to a number in the range of "1 to 1 6" to indicate the 
timing of the beginning of the segment in 16th note units within the bar when 
an automatic loop mode is used. Timing can also be set to "off," to turn off the 



015.606434.1 



6 



automatic mode. The device may also be toggled between manual and automatic 
mode using the Manual button 24. 
v [0038] The Loop Length and Hold interval are measured with respect to 

tempo information. In cases where the source signal includes tempo 
information, the loop output is synchronized to the tempo indicated in the source 
signal, unless the parameter Phrase Sync is set to "off." In cases where the 
parameter Phrase Sync is set to "off," or in cases where the source signal does 
not include tempo information, the loop output is synchronized to a tempo 
specified in advance by the performer. In the preferred embodiment, the 
parameter Tempo is specified by the performer as a number in the range of "20 
to 260." 

[0039] The parameters described above control flags that are stored in 
RAM 3 to indicate the status of various device modes. These flags are shown in 
Figure 3. The flag Auto is a flag that indicates whether or not the loop output is 
being done in automatic mode. The flag Auto is set to "0" in its initial state. In 
those cases where an automatic loop has been started, the flag is set to "1 " 
during the hold interval. When the automatic loop has terminated, the flag is set 
to "0." 

[0040] The flag Manual is a flag that indicates the state of the parameter 
Manual that has been assigned to the manual button 24 discussed above. As is 
shown in Figure 3, in those cases where the parameter Manual has been set on 
(in other words, a loop output by means of a manual loop has been designated), 
the flag is set to "1 " during the interval while the manual button 24 is set on. 
When the parameter Manual has been set off (in other words, the designation of 
the loop output by means of a manual loop has been canceled), the flag is set to 
"0." 

[0041] The flag Loop Sw indicates whether the current time is within the 
hold interval during which loop output of the stored segment is performed in 
manual mode or automatic mode. In other words, during the interval in which 
the stored segment is repeatedly read out and output from the buffer (the 
segment from the time "T3 " to the time "T2"), the Loop Sw flag is set to "1 
At other times (including also the initial loop segment described before), the 
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Loop Sw flag is set to "0." 

[0042] Here, an explanation will be given regarding the roles of the CPU 1 
v and the DSP 10. After a note on, the CPU 1 reads out the source signal (the 

waveform data) from the flash ROM 4 and supplies this to the DSP 10. The DSP 
10, while storing the source signal 40 that has been supplied to a buffer in the 
RAM 3, which is a region that is reserved, outputs the source sound signal that 
has been supplied to the outside from a speaker and the like via the D/A 12. 

[0043] When the flag Loop Sw is set to "1 " (in other words, in the interval 
from the time "T3" to the time "T2"), the DSP 10 repeatedly reads out the 
signal 40a, which corresponds to the specified segment (the segment from the 
time "T1 " to the time "T3") from the signal that has been stored in the buffer 
discussed above and outputs the signal 40a that has been read out to the 
outside from a speaker and the like via the D/A 12. As a result, it is possible to 
apply an effect in real time in which the signal 40a of a specified segment from 
a specified timing for the source signal 40 is repeated and output. 

[0044] Incidentally, in Figure 3, it has been drawn such that the change of 
the flag Auto and the change of the flag Manual are the same; however, this is a 
convenience to indicate the relationship between the change of the flag and the 
loop operation. In actuality, since the flag Auto changes in conformance with the 
automatic loop operation and the flag Manual changes in conformance with the 
manual loop operation, the two both change independently. As will be explained 
later with the flowchart, the automatic loop and the manual loop operate as a 
logical OR. That is to say, if at least one of the flag Auto or the flag Manual is 
shown as "1," storage to the buffer is started and the loop operation is carried 
out. If both flags are shown as "0," the readout from the buffer stops and the 
loop operation terminates. 

[0045] An explanation will be given here regarding the principles of the 
effect that is related to the effect system of the present invention while referring 
to Figure 4. Fig 4 is a schematic drawing that shows the principles of the loop 
effect produced by the present embodiment. Figures 4(a) and 4(b) correspond 
to the cases where the value of the flag Loop Sw is "0" and "1 respectively. 

[0046] The two switches SW 1 and SW 2 are configured such that they 
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are linked to and toggled by the value of the flag Loop Sw. In those cases 
where the value of the flag Loop Sw is "0," as is shown in Figure 4(a), the 
v switches SW 1 and SW 2 are toggled upward. As a result, the wave data that 

are input on the IN side are stored in sequence in the buffer RB for the loop, and 
are also output to the outside from the OUT side via the path r. This state exists 
in the period between a note on and time T3, and in the period after time T2. 
The amount that is buffered by the loop buffer RB corresponds to the value set 
for the parameter Loop Length. 

[0047] On the other hand, when the value of the flag Loop Sw is "1 ," as 
shown in Figure 4(b), the switches SW 1 and SW 2 are toggled down. As a 
result, the path through which the IN side and OUT side are connected is opened 
and, in this case, the waveform data that were stored in the loop buffer RB 
during the time that the value of flag Loop Sw was "0" are repeatedly read out 
and output through the OUT side. This state exists in the period between times 
T3 and T2 in Figure 3. 

[0048] Next, an explanation will be given regarding the processing that is 
executed by an effect system that is configured as described above while 
referring to the flowcharts that are shown in Figure 5 through Figure 7. This 
explanation will refer to Figure 3 and Figure 4 as appropriate. 

[0049] Figure 5 is a flowchart that shows the main processing that is 
executed in an electronic musical instrument that has the effect system of the 
present invention installed. This processing is processing that is executed by the 
CPU 1 in those cases where there is a note on, in other words, in those cases 
where a striking of the pad 7 has been detected and is processing for applying 
an effect that corresponds to the setting state of each of the parameters and 
flags and the like to the waveform data and outputting this to the outside 
through a speaker and the like. 

[0050] With regard to the main processing, the CPU 1 first determines 
whether or not the value of the parameter Phrase Sync is on (S1 ). In those cases 
where the result is that it has been determined that the value of the parameter 
Phrase Sync is on (S1 : yes), this means that synchronization with the tempo 
information that is possessed by the waveform data of the effect using the 
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effect system is instructed. Therefore, in this case (S1 : yes), a determination is 
made as to whether or not the waveform data that have been read out from the 
v flash ROM 4 possess tempo information (S2); and, in those cases where it has 

been determined that the waveform data possess tempo information (S2: yes), 
after making the setting such that the effect from the effect system is 
synchronized with the tempo possessed by the waveform data (S3), the 
processing moves to the processing of S5. 

[0051] On the other hand, in those cases where it has been determined in 
the S1 processing that the value of the parameter Phrase Sync is not on (S1 : 
no), synchronization with the tempo information that is possessed by the 
waveform data of the effect using the effect system is not instructed; and, in 
addition, even in those cases where the relevant synchronization has been 
instructed (S1 : yes), in those cases where the waveform data do not posses 
tempo information (S2: no), since synchronization with the tempo information is 
not possible in these cases (S1 : no or S2: no), after the effect using the effect 
system has been set such that the effect is synchronized with the tempo that 
has been set by the parameter tempo (S4), the processing moves to the 
processing of S5. 

[0052] In the processing of S5, the value of the start point Start of the 
waveform data is stored in the readout address Adrs (S5), and the processing 
moves to the processing of S6. Here, the readout address Adrs is a register that 
is provided in the CPU 1 and the start point Start is the starting address value of 
the waveform data in the flash ROM 4. Incidentally, the end point End, which 
will be discussed later, is the ending address value of the waveform data in the 
flash ROM 4. 

[0053] The processing of S6 sets the time of the timer 1 "T1 " (S6). In 
those cases where the loop output by means of an automatic loop is carried out, 
the time "T1 " is a time that indicates the timing that starts the loop output (refer 
to Figure 3) and is set by the parameter Timing. In those cases where it has 
been determined by the clock of the timer 1 that timing of the time " T 1 " has 
arrived, the control that is being executed by the CPU 1 is temporarily 
interrupted and the timer interrupt processing that is shown in the flowchart of 

015.606434.1 

10 



Figure 7 is executed. The details of the timer interrupt processing will be 
discussed later. 

fc? [0054] In addition, in those cases where the value of the parameter Timing 

is set to "off," the clock of the time "T1 " is not carried out by the timer 1 ; and, 
therefore, since the timer interrupt processing that is shown in the flowchart of 
Figure 7 is not executed, the loop output by means of an automatic loop is not 
carried out. 

[0055] After the time "T1 " has been set in the S6 processing, the 
waveform data from the address location in the flash ROM 4 that corresponds to 
the value of the readout address Adrs is read out and the waveform data that 
have been read out are transmitted to the DSP 10 (S7). 

[0056] If the DSP 10 that has received the waveform data is not in the 
midst of a loop output by means of an automatic loop or a manual loop, the 
waveform data that have been received are output to the outside from a speaker 
and the like via the D/A 1 2 while being stored in the buffer that has been 
reserved in a region of the RAM 3 (refer to Figure 4(a)). On the other hand, if the 
system is in the midst of a loop output by means of an automatic loop or a 
manual loop, the DSP 10 repeatedly reads out and outputs the waveform data 
that have been stored in the buffer discussed above (refer to Figure 4(b)). 
Therefore, in this case, the waveform data that have been received are ignored. 

[0057] After the waveform data have been transmitted to the DSP 1 0 
(S7), "1" is added to the value of the readout address Adrs (S8) and a 
determination is made as to whether or not the value of the readout address 
Adrs after the addition exceeds the value of the end point End (S9). 

[0058] In those cases where the result is that a determination is made that 
the value of the readout address Adrs does not exceed the value of the end 
point End (S9: yes), since this means that the readout of the waveform data 
from the flash ROM 4 has not yet ended, the remaining waveform data should 
be read out and the processing moves to the processing of S10. On the other 
hand, in those cases where the determination is that the value of the readout 
address Adrs has exceeded the value of the end point End (S9: no), since this 
means that the readout of all of the waveform data from the flash ROM 4 has 
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been completed, the main processing terminates. 

[0059] In the processing of S10, a determination is made as to whether or 
i not the value of the flag Auto is "0." In those cases where the result is that a 

determination is made that the value of the flag Auto is "0" (S10: yes), either a 
loop output by means of an automatic loop has not been instructed (in other 
words, the parameter Timing is made off) or a loop output by means of an 
automatic loop has been instructed but the timing of the time "T1 " has not yet 
been reached and the loop output by means of an automatic loop has not been 
started or the loop output by means of an automatic loop has already ended 
(refer to Figure 3). Therefore, in this case (S10: yes), this should correspond to a 
manual loop and the processing shifts to the processing of S1 1 . 

[0060] On the other hand, in the processing of S10, in those cases where 
it has been determined that the value of the flag Auto is "1 " (S10: no), the 
system is in the midst of a loop output by means of an automatic loop (refer to 
Figure 3). In this case, the processing returns to the processing of S7 and, 
during the time until the loop output by means of an automatic loop ends (S10: 
yes), the processing of S7 through S9 is executed repeatedly. In this manner, 
even during the loop output by means of an automatic loop, due to the 
continued sequential readout of the waveform data (corresponding to the source 
sound signal 40 in the segment from the time "T1 " to the time "T2" of Figure 3) 
from the flash ROM 4, it is possible to appropriately match the readout position 
(the position of the time "T2" of Figure 3) of the data in those cases where the 
loop output by means of an automatic loop has ended to the timing of the beat. 

[0061] In the processing of S1 1, a determination is made as to whether or 
not there has been a change in the value of the parameter Manual, in other 
words, whether or not the manual button 24 has been operated (S1 1). In those 
cases where the result is a determination that there has not been a change in the 
value of the parameter manual (S1 1 : "no change"), there has not been an 
operation of the manual button 24 carried out by the performer; and, therefore, 
since a loop output by means of a manual loop has not been instructed, a normal 
performance should continue and the processing returns to the processing of S7. 

[0062] On the other hand, in those cases where, in the processing of S1 1, 
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a determination is made that the value of the parameter Manual has changed 
from "off" to "on" (S1 1 : "from off to on"), the manual button 24 has been 
v pressed and operated by the performer and an instruction has been made to start 

a loop output by means of a manual loop. Incidentally, due to the relevant start 
instruction, the value of the flag Manual is set to "1 " (refer to Figure 3). 

[0063] Therefore, in this case (S1 1 : "from off to on"), the time T3, which 
is determined by the parameter Loop Length, is set in the timer 2 (S12) and, 
after the length of the sound that is looped (corresponding to the signal 40a of 
Figure 3) has been set, the processing moves to the processing of S13. 
Incidentally, in those cases where a determination has been made by the clock 
of the timer 2 that the timing of the time T3 has arrived, the CPU 1 interrupts 
the control that is being executed and executes the timer interrupt processing 
that is shown in the flowchart of Figure 6. An explanation will be given here 
regarding the timer interrupt processing while referring to Figure 6. 

[0064] Figure 6 is a flowchart that shows the processing that is launched 
by the timer interrupt of the time "T3." When the timing of the time T3 arrives, 
the CPU 1 sets the value of the flag Loop Sw to "1 " (S21) and the timer 
interrupt processing ends. Incidentally, after the completion of the timer interrupt 
processing, the control returns to the position of the interruption of the control 
that was being executed prior to the interruption and the control resumes from 
that interrupt position. 

[0065] The explanation will be given returning to Figure 5. In the 
processing of S1 3, a loop output by means of a manual loop should be started, 
and the start of the relevant loop output is instructed to the DSP 10 (S1 3). By 
means of the start instruction, the DSP 10, as has been discussed above, while 
storing the waveform data supplied by the CPU 1 during the time that the flag 
Loop Sw is "0" (in other words, during the time from the setting of the value of 
the flag Manual to "1 " until the time "T3"), outputs the waveform data that 
have been supplied to the outside from a speaker and the like via the D/A 1 2 
(refer to Figure 4(a)). 

[0066] In addition, in those cases where the flag Loop Sw has become "1" 
(in other words, during the time from the time "T3" in Figure 3 until the value of 
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the flag Manual drops to "0"), the signal that is stored in the buffer discussed 
above (the signal 40a that corresponds to the segment from when the value of 
v the flag Manual has become "1 " until the time "T3") is repeatedly read out and 

the signal that has been read out is output to the outside from a speaker and the 
like via the D/A 1 2 (refer to Figure 4(b)). 

[0067] As a result, the effect system of the present embodiment applies an 
effect to the waveform data in which the signal of a specified segment (in other 
words, the length that has been set by the performer by means of the parameter 
Loop Length) from the specified timing of the waveform data (in other words, 
the timing that has been produced by the performer pressing and operating the 
manual button 24) is repeated and output in real time only during the time that is 
specified (in other words, as will be discussed later, until the performer again 
carries out the pressing and operation of the manual button 24). 

[0068] In the processing of S13, after the instruction has been made to the 
DSP 10, the processing returns to the processing of S7 and, as will be discussed 
later, during the time until there is an instruction to stop the loop output by 
means of a manual loop (S1 1 : "from on to off"), the processing from S7 through 
S9 is repeatedly executed. 

[0069] In this manner, due to the fact that the waveform data continue to 
be read out sequentially from the flash ROM 4 (corresponding to the original 
sound signal 40 in the segment from when the value of the flag Manual has 
been set at "1 " to the time "T2") even during a loop output by means of a 
manual loop, it is possible to restore the readout position of the waveform data 
in those cases where the loop output by means of a manual loop has been 
completed (the position at which the value of the flag Manual has dropped to 
"0") to the original appropriate position. 

[0070] In addition, in those cases where a loop output by means of an 
automatic loop has been started during a loop output by means of a manual 
loop, it is possible to have the readout position of the waveform data in those 
cases where the loop output by means of an automatic loop has ended 
appropriately agree with the timing of the beat. 

[0071] In those cases where, in the processing of S1 1, a determination is 



015.606434.1 



14 



made that the value of the parameter Manual has changed from "on" to "off" 
(SI 1 : "from on to off"), this means that the pressing and operation of the 
v manual button 24 has again been carried out by the performer and an instruction 

to the effect that the loop output by means of a manual loop is to be ended has 
been issued. Incidentally, by means of the relevant loop output termination 
instruction, the value of the flag Manual is set to "0" (refer to Figure 3). 

[0072] In this case (S1 1 : "from on to off"), the CPU 1 stops the loop 
output by means of a manual loop, restoration should be made to a normal 
performance, the value of the flag Loop Sw is set to "0"; and, together with this 
(SI 4), an instruction is issued to the DSP 10 for the termination of the relevant 
loop output (S1 5). Due to this termination instruction, the DSP outputs the 
waveform data that have been supplied from the CPU 1 to the outside from a 
speaker and the like via the D/A 1 2 while storing the supplied waveform data in 
the buffer (refer to Figure 4(a)). 

[0073] After the instruction has been issued to the DSP 10 in the 
processing of SI 5, the CPU 1 returns to the processing of S7 and repeatedly 
executes each of the processes from S7 and on during the time until a 
determination is made that the value of the readout address Adrs exceeds the 
value of the end point End (S9: no), in other words, that the readout of all of the 
waveform data from the flash ROM 4 has been completed. 

[0074] Figure 7 is a flowchart that shows the processing that is launched 
by the timer interrupts of the times "T1 " and "T2." This timer interrupt 
processing is processing that is executed by the CPU 1 and is executed in those 
cases where a determination has been made that the timing of the time "T1 " 
that has been set by the processing of S6 discussed above or the time "T2" that 
is set by the processing of S36, which will be discussed later, has arrived, in 
other words, the timing with which the loop output by means of an automatic 
loop is started or ended. 

[0075] With regard to the timer interrupt processing, the CPU 1 first makes 
a determination as to whether or not the value of the flag Auto is "0" (S31). In 
those cases where the result of the determination is that the value of the flag 
Auto is "0" (S31 : yes), since this is the timing with which the loop output by 
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means of an automatic loop is started (refer to Figure 3) and from this point on, 
the fact that a loop output by means of an automatic loop is in the midst of 
execution should be indicated, the value of the flag Auto is set to "1 " (S32) and 
the processing moves to the processing of S33. 

[0076] In the processing of S33, a determination is made as to whether or 
not the value of the flag Manual is "0," in other words, whether or not a loop 
output by means of a manual loop is already being carried out (S33). In those 
cases where the result is that a determination is made that value of the flag 
Manual is "0" (S33: yes), since a loop output by means of manual loop is not 
being carried out (refer to Figure 3), the time T3, which is determined by the 
parameter Loop Length, is set in the timer 2 and the length of the sound that is 
looped (in other words, the length of the segment from the time "T1 " in Figure 3 
to the time "T3") is set. In those cases where, in the processing of S33, a 
determination is made that the value of the flag Manual is "1 " (S33: no), since a 
loop output by means of a manual loop is already being carried out (refer to 
Figure 3) and there is no need to set the time "T3" (S34) and to issue a start 
instruction to the DSP 10 (S35), the processing of S34 and S35 is skipped and 
the processing moves to the processing of S36. 

[0077] Incidentally, in those cases where a determination has been made 
from the clock of timer 2 that the timing of the time T3 has arrived, the CPU 1 
interrupts the control that is being executed, executes the timer interrupt 
processing that is shown in the flowchart of Figure 6 discussed above, and the 
value of the flag Loop Sw is set to "1" (refer to Figure 6). 

[0078] In addition, after the time T3 has been set in the processing of S34, 
a loop output by means of an automatic loop should be started and the CPU 1 
issues an instruction to the DSP 10 to start the relevant loop output (S35), and 
the processing moves to the processing of S36. Due to the start instruction, the 
DSP 10, as discussed above, outputs the waveform data that have been 
supplied from the CPU 1 to the outside from a speaker and the like via the D/A 
1 2 while storing the supplied waveform data in the buffer during the time that 
the flag Loop Sw is "0" (in other words, during the time from the time "T1 " in 
Figure 3 until the time "T3"). 
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[0079] In addition, in those cases where the flag Loop Sw has become "1 " 
(in other words, during the time from the time "T3" in Figure 3 to the time 
i "T2"), the signal that is stored in the buffer discussed above (the signal 40a that 

corresponds to the segment from the time "T1 " in Figure 3 to the time "T3") is 
repeatedly read out and the signal that has been read out is output to the 
outside from a speaker and the like via the D/A 1 2. 

[0080] Thus the effect system of the present embodiment applies to the 
waveform data an effect in which the signal of a specified segment of the 
waveform data (in other words, the length that the performer has set by means 
of the parameter Loop Length) from a specified timing (in other words, a timing 
that the performer has set by means of the parameter Timing) is repeatedly 
output in real time only during a specified time interval (in other words, as will 
be discussed later, until the time that has been set by the performer by means of 
the parameter Hold). 

[0081] In the processing of S36, the time "T2" is set in the timer 1 (S6). 
The time "T2" is a time that expresses the timing at which the loop output by 
means of an automatic loop ends (refer to Figure 3) and is set by the parameter 
Hold. In those cases where a determination is made by means of the clock of 
the timer 1 that the timing of the time "T2 M has arrived, the CPU 1 interrupts 
the control that is being executed and executes the timer interrupt processing 
again. After the completion of the processing of S36, the timer interrupt 
processing ends. 

[0082] On the other hand, in those cases where, in the processing of S31, 
a determination is made that the value of the flag Auto is "1 " (S31 : no), since 
this is the timing at which the loop output by means of an automatic loop ends 
(refer to Figure 3) and from this point on, the completion of the loop output by 
means of an automatic loop should be indicated, the value of the flag Auto is set 
to "0" (S37) and the processing moves to the processing of S38. 

[0083] In the processing of S38, a determination is made as to whether or 
not the value of the flag Manual is "0," in other words, whether or not the 
system is in the midst of a loop output by means of a manual loop (S38). In 
those cases where the result is that a determination is made that the value of 



015.606434.1 



17 



the flag Manual is "0" (S38: yes), since the system is not in the midst of a loop 
output by means of a manual loop (refer to Figure 3), the loop output by means 
if of an automatic loop ends, restoration should be made to a normal performance, 

the value of the flag Loop Sw is set to "0," and, together with this (S39), an 
instruction is issued to the DSP 1 0 for the termination of the relevant loop 
output (S40) and the timer interrupt processing ends. In those cases where in 
the processing of S38 a determination is made that the value of the flag Manual 
is "1 " (S38: no), the system is in the midst of a loop output by means of a 
manual loop (refer to Figure 3), and since there is no need to modify the value of 
the flag Loop Sw (S39) and to issue a termination instruction to the DSP 10 
(S40), the processing of S39 and S40 is skipped and the timer interrupt 
processing ends. 

[0084] Due to the termination instruction, the DSP 10 outputs the 
waveform data that are supplied from the CPU 1 to the outside from a speaker 
and the like via the D/A 1 2 while the supplied waveform data are stored in the 
buffer. 

[0085] After the timer interrupt processing that is shown in Figure 7 ends, 
the control returns to the position of the interruption of the control that was 
being executed prior to the interruption and the control resumes from that 
interrupt position. 

[0086] An explanation has been given above of the present invention 
based on a preferred embodiment but the present invention is in no way limited 
to the preferred embodiment discussed above and the possibility of various 
modifications and variations can be easily conceived of that do not deviate from 
and are within the scope of the essentials of the present invention. 

[0087] For example, with the effect system of this preferred embodiment, 
an explanation has been given of the case in which the length of the segment in 
which the signal of a specified segment (the signal 40a of Figure 3) is loop 
output and continues is instructed as a time interval by the parameter Hold. 
However, the system is not necessarily limited to this; and, for example, it is, of 
course, possible for the system to be configured such that a parameter that sets 
a count is provided and the signal of the specified segment is loop output only 
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the number of times that has been instructed by that parameter. In this case, 
since, if the count is designated large, the length of the segment in which the 
loop output continues becomes long and if the count is designated small, the 
length of the segment in which the loop output continues becomes short, even if 
the system is configured such that a count is designated, it is possible to set the 
same sensation as in the case in which a time interval is designated. 

[0088] In addition, for example, with the effect system of this preferred 
embodiment, an explanation was given in which the value of the parameter Loop 
Length is one that is fixed during the performance. However, the system is not 
necessarily limited to this; and, for example, it is, of course, possible for a knob 
operator (or a pedal operator) to be provided as the VR 8 (refer to Figure 1 ) to 
which the parameter Loop Length is assigned and, by making the value of the 
parameter Loop Length continuously variable in conformance with the amount of 
operation of the relevant knob operator, make it possible for the length of the 
signal of the specified segment (the signal 40a of Figure 3) to be varied in real 
time during the performance. 

[0089] In this case, the buffer amount of the loop buffer RB that is shown 
in Figure 4 can be continuously varied by the amount of operation of the knob 
operator and the like (in other words, the value of the parameter Loop Length). 
Incidentally, in the state that is shown in Figure 4(b) (in other words, in the 
midst of a loop output), in those cases where the knob operator and the like has 
been operated and the readout segment of the loop buffer RB has been 
extended, it may also be configured such that the relevant extended segment is 
output without sound. Or else, it may be configured with the loop buffer RB 
structured as a ring buffer and by feeding back the data that have been read out 
and again storing this in the memory, such that the output of the extended 
segment described above without sound is avoided. 
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